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METHOD FOR SENDING PACKET DATA,
BASE STATION, AND MOBILE STATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 12/855,169, filed on Aug. 12, 2010, which a

continuation of International Application No. PCT/CN2009/
071847, filed on May 19, 2009, The afore-mentioned patent

applications are hereby incorporated by reference 1n their
entireties.

FIELD OF THE TECHNOLOGY

The present mnvention relates to the filed of communica-
tions technology, and more particularly to a method for

sending packet data, a base station (BS), and a mobile station
(MS).

BACKGROUND OF THE INVENTION

A multi-hop relay 1s a measure executed when a network
has no fixed access points, which 1s first researched and
applied 1n an adhoc network. An adhoc network has no fixed
infrastructure and no fixed routers, 1n which all nodes are
mobile and all the nodes can keep contact with other nodes
in a random mode dynamically. All nodes are equal in the
network, and no central control node needs to be set. The
node 1n the network not only has functions needed by an
ordinary mobile station (MS), but also has a packet forward-
ing capability. In such an environment, due to the limitation
of wireless coverage of the MS, two user MSs that are
incapable of direct commumnication can perform packet for-
warding through other nodes, which 1s referred to as multi-
hop communication. In recent years, the multi-hop relay
technology 1s applied in the conventional cell network, and
the establishment of a new-type cell multi-hop network also
becomes a new research focus 1n the wireless communica-
tion. In a cell multi-hop network, an MS can be connected
to a corresponding cell base station (BS) through one or
more relay nodes. The use of the relay nodes decreases a
path loss and improves communication quality of each
transmission link, so that capacity and coverage of the entire
cell of origin are greatly increased. In the cell multi-hop
network, 1t 1s very important for performance improvement
of the entire system to find suitable relay nodes, and there-
fore an eflective routing algorithm 1s required.

A method for sending packet data in the prior art 1s
described as follows. In consideration of a feature that a cell
multi-hop network 1s centered on the BS, a conventional
distributed routing mode 1s changed into a centralized pro-
cessing mode that the BS provides routing for each node 1n
a unified mode. The BS maintains statuses of links among all
MSs, and selects paths for communication of the MSs 1n a
centralized mode according to the maintained link statuses.
Through the centralized processing mode, the BS can gradu-
ally obtain a topological structure of the cell by processing
and maintaining information acquired in the routing process.

In addition, 1 consideration of a two-hop access cell,
when a relay 1s needed as the quality of a link between the
MS and the BS 1s deteriorating, a relay request 1s first sent
to the BS to require the BS to provide a multi-hop routing.
If the BS cannot find the path, the MS broadcasts a relay-
request routing signal to nearby nodes. After receiving the
relay request, an intermediate node returns a signaling to the
BS. Therefore, the BS can obtain quality of a first-hop link
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and measure quality of a second-hop link. Thus, every time
a relay request response sent by an intermediate node 1s

received, the BS updates 1ts own channel quality matrix
once. After the channel quality matrix 1s completely
updated, the BS executes the routing algorithm again. At this
time, the BS has obtained all channel information related to
the MS, so that a relay node 1s selected and the selected relay
node 1s returned to the MS as a feedback, so as to enable the
MS to send packet data through the relay node.

During the research of the prior art, the inventor finds that
by using the method for sending packet data in the prior art,
a relay request needs to be sent for packet relay distribution
cach time and the BS perform all the link processing, This
results large resource overhead of the BS and high commu-
nication complexity.

SUMMARY OF THE INVENTION

The present invention embodiment 1s directed to a method
for sending packet data, a base station (BS), and a mobile
station (MS), so as to perform link processing at the MS.

The present invention provides a method for sending
packet data, which includes the following steps.

Packet data from a source MS 1s received. The packet data
includes an i1dentity of a destination MS.

A routing cache table 1s searched for a path to the
destination MS.

An 1nterface 1s selected 11 the path to the destination MS
1s found.

The packet data 1s forwarded through the selected inter-
face according to the found path.

The present mvention further provides a method for
sending packet data, which includes the following steps.

Packet data that needs to be sent 1s obtained.

It 1s determined whether an access status 1s direct access.

I1 the access status 1s direct access, the packet data 1s sent
to a BS.

If the access status 1s not direct access, a cluster head 1s
selected from a cluster head table, and the packet data 1s sent
to the cluster head.

The present invention further provides a method for
sending packet data, which includes the following steps.

Packet data 1s received. The packet data includes an
identity of a destination MS.

An MS status table 1s searched for the identity of the
destination MS.

If the i1dentity of the destination MS 1s not found, the
packet data 1s sent to a core network.

If the identity of the destination MS 1s found, 1t 1s
determined whether an access status of the destination MS
1s direct access.

It the access status of the destination MS 1s direct access,
the packet data 1s sent to the destination MS. If the access
status of the destination MS 1s not direct access, a cluster
head 1s selected, and the packet data 1s sent to the selected
cluster head.

The present invention further provides an MS, which
includes a receiving unit, a searching unit, a selecting unit,
and a sending unait.

The recerving unit 1s adapted to receive packet data from
a source MS. The packet data includes an identity of a
destination MS.

The searching unit 1s adapted to search a path to the
destination MS 1n a routing cache table according to the
identity of the destination MS received by the recerving unait.

The selecting unit 1s adapted to select an interface when

the path to the destination MS 1s found by the searching unat.
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The sending unit 1s adapted to forward the packet data
through the interface selected by the selecting unit according,
to the path to the destination MS found by the searching unait.

The present invention further provides another MS, which
includes an obtaining unit, a determiming unit, a selecting
unit, and a sending unit.

The obtaining unit 1s adapted to obtain packet data that
needs to be sent.

The determining unit 1s adapted to determine whether an
access status of the MS 1s direct access.

The selecting unit 1s adapted to select a cluster head from
a cluster head table when the determining unit determines
that the access status of the MS 1s not direct access.

The sending unit 1s adapted to send the packet data to a BS
when the determining unit determines that the access status
of the MS 1s direct access; and send the packet data to the
cluster head selected by the selecting unit when the deter-
mimng unit determines that the access status of the MS 1s not
direct access.

The present invention further provides a BS, which
includes a recerving unit, a searching unit, a determining
unit, a selecting unit, a selecting unit, and a sending unit.

The receiving unit 1s adapted to receive packet data. The
packet data includes an i1dentity of a destination MS.

The searching unit 1s adapted to search the identity of the
destination MS 1n an MS status table.

The determining unit 1s adapted to determine whether an
access status of the destination MS 1s direct access when the
searching unit finds the identity of the destination MS.

The selecting unit 1s adapted to select a cluster head when
the determining unit determines that the access status of the
destination MS 1s not direct access.

The sending unit 1s adapted to send the packet data to a
core network when the searching unit does not find the
identity of the destination MS; send the packet data to the
destination MS when the determining unit determines that
the access status of the destination MS 1s direct access; and
send the packet data to the cluster head selected by the
selecting unit when the access status of the destination MS
1s not direct access.

As can be seen from the technical solutions 1n the embodi-

ments of the present invention, because the MS in the
embodiments can determine a mode of sending the packet
data according to 1ts own access status and the cluster head
table 1s maintained 1n the MS, only a cluster head needs to
be selected from the cluster head table when the packet data
1s sent and then the packet data 1s sent to the cluster head or
directly sent to the BS. As long as information of the cluster
head exists 1n the cluster head table, the MS does not need
to send a relay request to the BS when the packet data 1s sent,
that 1s, the link processing 1s performed at the MS, so that
resource overhead of the BS i1s decreased and the MS only
needs to maintain the information of the cluster head,
thereby reducing the communication complexity.

BRIEF DESCRIPTION OF THE DRAWINGS

To 1llustrate the techmical solution according to the
embodiments of the present invention or 1n the prior art more
clearly, the accompanying drawings for describing the
embodiments or the prior art are provided briefly below.
Apparently, the accompanying drawings in the following
description are only some embodiments of the present
invention, and persons of ordinary skill in the art can derive
other drawings from the accompanying drawings without
creative eflorts.
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FIG. 1 1s an architectural view of a cell adhoc network
according to an embodiment of the present invention;

FIG. 2 1s a flow chart of a method for sending packet data
according to a first embodiment of the present invention;

FIG. 3 1s a flow chart of a method for sending packet data
according to a second embodiment of the present invention;

FIG. 4 1s a flow chart of a method for sending packet data
according to a third embodiment of the present invention;

FIG. 5 1s a flow chart of a method for sending packet data
according to a fourth embodiment of the present invention;

FIG. 6 1s a flow chart of a method for sending packet data
according to a fifth embodiment of the present invention;

FIG. 7 1s a structural view of an MS according to a first
embodiment of the present invention;

FIG. 8 1s a structural view of an MS according to a second
embodiment of the present invention;

FIG. 9 1s a structural view of an MS according to a third
embodiment of the present invention;

FIG. 10 1s a structural view of an MS according to a fourth
embodiment of the present invention;

FIG. 11 1s a structural view of a BS according to a first
embodiment of the present invention; and

FIG. 12 1s a structural view of a BS according to a second
embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

The following detailed description i1s directed to the
technical solution of the present invention with reference to
the accompanying drawings. However, the embodiments to
be described are only part of, rather than all of, the embodi-
ments of the present mvention. All other embodiments,
which can be derived by those skilled 1n the art from the
embodiments given herein without any creative efforts, fall
within the scope of the present invention.

A cell adhoc network related to the embodiment of the
present invention 1s first introduced. Architecture of the cell
adhoc network provided 1n the embodiments of the present
invention 1s shown 1n FIG. 1.

Different sector clusters inside the cell form an intra-cell
virtual cluster 1011. The cluster heads 1n the intra-cell virtual
cluster perform inter-sector cooperation, so that a mobile
station (MS) can access flexibly.

The sector clusters in adjacent cells form an inter-cell
virtual cluster 1021. The cluster heads of the inter-cell
virtual cluster perform inter-cell cooperation, so as to facili-
tate inter-cluster communication and inter-cell load balance
during hybrid access and cooperative access.

The intra-cell virtual cluster 1s divided 1nto hybrid access
zones 1012, cluster head zones 1013, and direct access zones
1014 according to a distance away from a base station (BS).
A hybrid access zone 1s the farthest away from the BS and
a direct access zone 1s the nearest to the BS. If an MS 1s
located 1n a direct access zone and a cluster head zone, an
access status of the MS can be direct access. If the MS 1s
located 1n the hybrid access zone, the MS can access the BS
through cell relay and at this time the access status of the MS
can be cooperative access. Alternatively, the MS can access
the BS through adhoc relay and at this time the access status
of the MS can be hybrid access. If the MS 1s unable to
receive 1nformation of the BS and the cluster head, the
access status of the MS 1s “adhoc”. The access statuses of the
MS 1n different access zones are shown in Table 1.
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TABLE 1
Communication
Mode Access Zone MS Access Status Description

Cell access Direct access zone, Direct access

(direct access cluster head zone S = 00

and hybrid Hybrid access zone Cooperative

access to the ACCESS relay
BYS) S =01

Hybrid access
S =11
Adhoc
S =10

Hybrid access zone
adhoc relay
Adhoc access

Direct access zone,
Hybrid access zone,
Cluster head zone

Adhoc access
(no access to

the BS)

The inter-cell virtual cluster 1s divided 1nto hybrid access
zones 1022, cluster head zones 1023, and direct access zones
1024 according to a distance away from a center of the
inter-cell virtual cluster. A hybrid access zone 1s the farthest
away from the center of the inter-cell virtual cluster and a
direct access zone 1s the nearest to the center of the inter-cell
virtual cluster.

In order to realize the operability and manageability of the
MS adhoc mode, the selection and clustering of the cluster
heads 1n the embodiments of the present mmvention are
mitiated by the BS. The selection and clustering of the
cluster heads can be performed periodically or when trig-
gered by an event, for example, after the BS receives a relay
request sent by the MS. In an embodiment of the present
invention, the selection and clustering of the cluster heads
can be performed according to the following process.

The BS broadcasts a cluster-head selection request within
the coverage of the local cell. The cluster-head selection
request carries parameters such as location information of
the BS, a cell radius R, a cell utilization U, and a cluster-
head threshold value C. The MS that receives the cluster-
head selection request calculates a distance L between the
MS itself and the BS. If the L 1s greater than a threshold
value 1 (in an embodiment of the present invention, the
threshold value 1 can be R/2) and smaller than a threshold
value 2 (1in an embodiment of the present invention, the
threshold value 2 can be 3R/4), 1t indicates that the MS 1s
located 1n the cluster head zone and the MS sets the access
status S as direct access. Otherwise, 1t indicates that the MS
1s located 1n the direct access zone or the hybrid access zone,
and at this time the access status S of the MS can be first set
as direct access and subsequently the access status S 1s
updated by the MS according to a cluster head advertise-
ment.

The MS located 1n the cluster head zone estimates quality
of a link between the MS 1tself and the BS according to
information of the cluster-head selection request. The qual-
ity of the link between the MS and the BS can be a path loss
P The MS then determines whether the requirement of

Loss®
the cluster head selection 1s satisfied according to i1ts own
rest energy information N, . In an embodiment of the
present invention, 1f P,__ /N, _<C for an MS, 1t indicates
that the MS satisfies the requirement of the cluster head
selection, and therefore the MS sends a cluster head adver-
tisement. Information of the cluster head advertisement
includes resource information of the MS and utilization U of
the cell in which the MS 1s located. The resource information
of the MS includes rest energy of the MS and a path loss
between the MS and the BS. The sent cluster head adver-
tisement can be a cell cluster head advertisement and adhoc

cluster head advertisement.
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Direct access to the BS

Access to the BS through cell

Access to the BS through

The MS that receives the cluster head advertisement
updates the access status and the cluster head table.

If a default access status S of the MS 1s “adhoc”, the MS

that can receive the cell cluster head advertisement updates
S to “cooperative access”. The MS that can only recerve the
adhoc cluster head advertisement updates the S to “hybnd
access’”.

I the default access status S of the MS 1s “direct access”,
the cell cluster head advertisement can be received, the
distance L between the MS and the BS 1s greater than the
threshold value 2, and the MS updates the S to “cooperative
access”.

In an embodiment of the present invention, the cluster

head table maintained by the MS can be as shown in Table
2.

TABLE 2
Cluster Cell
Head ID Utilization Rest Energy Path Loss

M S 4 Ul NRE'S.E‘-:‘:EE {4 PLDSE Celfd
NRes.ﬂ PLossﬁl

MS 5 Ul NResrceffﬂ PLDSSCE‘H5
NRE'srﬁ PLassﬂ

MS 12 U2 Ngestcerr12 Prosscent12
NRE‘SI].E PLass 12

In Table 2, the P, ___~.;,;1s a path loss of a link between an
MS cell interface and a cluster head, the N,__.~_,; 1s energy
of the cell interface, the P, ___1s a link path loss between the
MS adhoc iterface and the cluster head, and the Ny __, 1s
energy of the adhoc interface. When the P, _ . ,, 1s infinite
or the N,_ ., 1s zero, 1t represents that the cell interface 1s
unavailable.

In an embodiment of the present invention, the energy of
the cell interface and the energy of the adhoc interface are
managed 1n a unified mode, and at this time N,__ ..., ~Ng__ ..

After fimshing update of the access status and the cluster
head table, the MS performs confirmation of the cluster head
advertisement, and the confirmation of the cluster head
advertisement carries resource information and the access
status of the MS. The resource information of the MS can
include rest energy of the MS and a path loss of the link
between the MS and the BS. Specifically, the resource
information of the MS can include rest energy of the cell
interface of the MS, a path loss of a link between the cell
interface and the BS, rest energy of the adhoc interface of the
MS, and a path loss of a link between the adhoc interface and
the BS.

After recerving the confirmation of the cluster head adver-
tisement from the MS, the cluster head updates a virtual
cluster table maintained by the cluster head according to the
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information carried in the confirmation of the cluster head
advertisement. In an embodiment of the present invention,
the virtual cluster table maintained by the cluster head 1s as
shown 1n Table 3.

TABLE 3
Member Cluster Access BS Path
ID Head Mark  Status Rest Energy Path Loss Loss
MS 2  No Direct Nrestcemn Prosscerz Prossss2
ACCCSS NReer PL{JSSE
MS3 No Cooperative  Nz.o,cems Prosscers Prosspss
acCcess NReer PLEJSSE'
MS 4 Cluster Nres Py ossa P7 ossBsa
head in the
local zone
MS 5 Cluster Npresss Py osss P; ossBss
head in an
adjacent

ZOI11C

After updating the virtual cluster head table, the cluster
head gives a cluster-head selection response. The cluster-
head selection response can carry resource mformation of
the cluster head and the information of the virtual cluster
table maintained by the cluster head. The resource informa-
tion of the cluster head can include the rest energy of the
cluster head and the path loss of the link between the cluster
head and the BS. In order to decrease interferences and
facilitate management of the BS, in an embodiment of the
present invention, only the cell interface 1s used for com-
munication between the cluster head and the BS, and at this
time the resource information of the cluster head can be
specifically the rest energy of the cell interface of the cluster
head and the path loss of the link between the cell interface
and the BS.

After receiving the cluster-head selection response from
the cluster head, the BS updates the MS status table accord-
ing to the information carried in the cluster-head selection
response. In the embodiment that only the cell interface 1s
used for the communication between the cluster head and
the BS according to the present mmvention, the MS status
table maintained by the BS 1s as shown 1n Table 4.

TABLE 4

Member Cluster head list/

) MS Access Status Rest Energy Path Loss
M5 1 Direct access Nﬂesrceffl PLﬂssceffl
MS 11 Cooperative access (MS 1, Py 11.1)5 Ps o eontl

(MS 13: PLassll—l.?:)

MS 12 Hybrd access MS 1, MS 13
M>s 13 Direct access NRES.?CEHIB PLGSS:‘:EEB

The BS processes the information of the virtual cluster
table reported by the cluster head. For the cluster heads of
the same MS, information of a cluster head list of the MS 1s
formed, so that the BS only needs to save only information
ol rest energy of the cluster heads. Based on a virtual cluster
head mechanism of clustering zones, cluster heads serve as
convergence points ol signaling information, so that over-
head of the BS 1s greatly reduced and further reliability can
be increased as the signaling convergence points are not
single.

The method for sending packet data according to an
embodiment of the present invention 1s illustrated in the
tollowing. FI1G. 2 shows a process of the method for sending
packet data according to the first embodiment. In this
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embodiment, a processing process of a source MS 1s 1llus-
trated, which includes the following steps.

In step 201, packet data that needs to be sent 1s obtained.

In step 202, 1t 1s determined whether an access status 1s
direct access; iI yes, the process turns to step 203; and
otherwise, the process turns to step 204.

Different access modes are used for diflerent access
statuses of the MS. In an embodiment of the present inven-
tion, default packet-data sending mechanisms for the MS 1n
different access statuses are as shown in Table 5.

TABLE 5

MS status Default Packet-data Sending Mechanism

Direct
Access

The packet data is sent to a BS directly and the BS
is 1n charge of forwarding the packet data. A cell
interface 1s used. If a user requires use of an

adhoc mode, a relay point 1s selected from a cluster
head list.

In a cooperative mechanism, a relay point 1s selected
from the cluster head list for access. A cell

interface 1s used. A cluster head mn an adjacent

zone may be selected for access.

A relay point 1s selected from a cluster head list

for access. An adhoc interface 1s used. A cluster
head in an adjacent zone may be selected for access.
An adhoc interface i1s used. The mechanism 1s a
conventional adhoc mechanism.

Cooperative
access

Hybrid
access

Adhoc

In step 203, the packet data 1s sent to the BS and the
process 1s ended.

In step 204, a cluster head 1s selected from the maintained
cluster head table.

Specifically, a source MS can select a cluster head from
a cluster head table according to the following principles.

A. A suitable cell 1s selected according to the utilization
U of a cell in which a cluster head in the cluster head table
1s located. A cluster head 1s selected from the selected cell
according to resource mformation of the cluster head. If
utilization U, ., of the cell in which the source MS 1s
located 1s greater than a threshold value 1 (1n an embodiment
of the present invention, the threshold value 1 can be 90%)
and utilization U, ... 0f an adjacent cell 1s smaller than a
threshold value 2 (in an embodiment of the present 1nven-
tion, the threshold value 2 can be 60%), the adjacent cell 1s
selected; and otherwise, the local cell 1s selected.

B. For cluster heads 1n the same cell, cluster head selec-
tion and interface selection can be performed according to
resource information of the cluster heads. In an embodiment
of the present invention, if the rest energy of the cluster head
has a large amount and quality of a link between a cluster
head and the MS 1s good, the cluster head 1s more likely to
be selected. In an embodiment of the present invention, the
cluster head 1s selected through a combined value of rest
energy of a cluster head and a path loss of a link between the
cluster head and the MS. The combined value of the rest
energy ol the cluster head and the path loss of the link
between the cluster head and the MS can be calculated
through the following formula:

arg[njn(Pzasj/NEESI)ﬁ @ = 1

The P,___1s a path loss of a link between an MS adhoc

interface and a cluster head, and the N,__, 1s energy of the
adhoc interface.

After the combined value of the rest energy of the cluster
head and the path loss of the link between the cluster head
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and the MS 1s calculated through the formula, a cluster head
having a larger combined value 1s selected, so that the cluster
head and interface having the optimal combined value of the
rest energy and path loss are selected. Specifically, 1f the
selected cluster head 1s a cell cluster head, the corresponding 5
interface 1s a cell intertace. It the selected cluster head 1s an
adhoc cluster head, the corresponding interface 1s an adhoc
interface.

In an embodiment of the present invention, 1f the main-
tained cluster head table 1s empty, the source MS can send 10
a relay request to a BS, so as to trigger the BS to perform
cluster head selection and clustering, so that the source MS
can update a cluster head table according to a cluster head
advertisement sent by the cluster head, thereby enabling the
source MS to select a cluster head from the updated cluster 15
head table.

In step 205, the packet data 1s sent to a cluster head
selected from the cluster head table and the process 1s ended.

As can be seen from foregoing, in this embodiment, the
source MS can determine a mode of sending packet data 20
according to 1ts own access status and a cluster head table 1s
maintained 1n the MS. When the packet data 1s sent, a cluster
head only needs to be selected from the cluster head table
and then the packet data 1s sent to the cluster head or directly
sent to the BS. As long as information of cluster heads exists 25
in the cluster head table, the MS does not need to send a
relay request to the BS when the packet data 1s sent, that 1s,
link processing 1s performed at the MS, so that resource
overhead of the BS 1s decreased and at the same time the
source MS needs to maintain only the information of the 30
cluster heads so that communication complexity can be
reduced.

FIG. 3 shows a process of a method for sending packet
data according to a second embodiment. In this embodiment,

a processing process of a source MS 1s illustrated, which 35
includes the following steps.

In step 301, packet data that needs to be sent 1s obtained.

In step 302, it 1s determined whether an access status 1s
direct access; if yes, the process turns to step 303; and
otherwise, the process turns to step 304. 40

In step 303, the packet data 1s sent to the BS and the
process 1s ended.

In step 304, 1t 1s determined whether a type of a service
corresponding to the packet data 1s a cell access service; 1f
yes, the process turns to step 305; and otherwise, the process 45
turns to step 306.

As the source MS has an adhoc and cell interface, the
source MS can realize cell access and adhoc communication
inside a virtual cluster at the same time. The source MS can
categorize the services mto two major types, namely, cell 50
access services and adhoc services, so that two packet
buflers are maintained. For the cell access service, when the
cluster head i1s selected, a cell intertace 1s first selected. For
the adhoc service, an adhoc interface 1s first selected. The
services can be categorized according to a use habit of a 55
user, a service distribution situation at an area 1n which the
source MS 1s located, and characteristics analysis of the
services. For a packet having no service category 1dentity, a
default packet data sending mechanism 1s used.

In step 305, a cell cluster head 1s selected from a cluster 60
head table, the packet data 1s sent to the cell cluster head, and
the process 1s ended.

In step 306, an adhoc cluster head 1s selected from the
cluster head table, the packet data 1s sent to the adhoc cluster
head, and the process 1s ended. 65

As can be seen from foregoing, in this embodiment, the
source MS can determine a mode of sending the packet data

10

according to 1ts own access status and a cluster head table 1s
maintained 1n the MS. When the packet data 1s sent, only a
cluster head needs to be selected from the cluster head table
and the packet data 1s sent to the cluster head or directly sent
to the BS. As long as information of the cluster head exists
in the cluster head table, the MS does not need to send a
relay request to the BS when the packet data 1s sent, that 1s,
link processing 1s performed at the MS, so that resource
overhead of the BS 1s decreased and at the same time the
source MS needs to maintain only the information of the
cluster head, thereby decreasing the communication com-
plexity. Furthermore, the source MS can select an adhoc
interface or a cell interface according to a service type
corresponding to the packet data when the cluster head 1s
selected, so that the source MS can flexibly select an
interface for communication.

In the embodiment of the present invention, before the
source MS sends the packet data to the cluster head, the
method further includes adding a Time To Live (TTL) field
in the packet data and setting a field value of the TTL field.
Through the set field value of the TTL field, the cluster head
can search adjacent cluster heads according to the field
value, so as to increase a success rate of the communication.

FIG. 4 shows a process of a method for sending packet
data according to a third embodiment. In this embodiment,
a processing process of a cluster head is 1llustrated, which
includes the following steps.

In step 401, packet data from a source MS 1s recerved. The
packet data includes an i1dentity of a destination MS.

In step 402, a routing cache table 1s searched for a path to
the destination MS. If the path to the destination MS 1s
found, the process turns to step 403; 1f the path to the
destination MS 1s not found, the process turns to step 404.

In an embodiment of the present invention, a routing

cache table maintained by a cluster head 1s as shown 1n Table
6.

TABLE 6
Destination MS Next Hop Metric Lifetime
MS 11 MS 5 2 10 ms
MS 12 MS 12 1 10 ms

In step 403, an interface 1s selected, the packet data 1s
forwarded through the selected interface according to the

found path, and the process 1s ended.

When the interface 1s selected, resource information of a
cell interface of the destination MS and resource information
of an adhoc interface of the destination MS recorded 1n a
virtual cluster table can be compared. 11 the resource infor-
mation of the cell interface 1s better than the resource
information of the adhoc interface, the cell interface 1s
selected; and otherwise, the adhoc interface 1s selected.
Specifically, a combined value of a path loss of a link
between the cell interface and the cluster head of the
destination MS and rest energy of the cell interface of the
destination MS can be compared with a combined value of
a path loss of a link between the adhoc interface and the
cluster head of the destination MS and rest energy of the
adhoc interface of the destination MS.

In step 404, a virtual cluster head request i1s sent to a
cluster head in an adjacent sector.

The virtual cluster head request includes the identity of
the destination MS, so as to facilitate the cluster head 1n the
adjacent sector to search for the destination MS to check
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whether the destination MS 1s a member of a sector cluster
in which the cluster head in the adjacent sector 1s located.

In step 403, a virtual cluster head response sent by the
cluster head 1n the adjacent sector 1s received.

The virtual cluster head response 1s sent after the cluster
head 1n the adjacent sector finds that the destination MS 1s
the member of the sector cluster.

In step 406, the packet data 1s sent to the cluster head in
the adjacent sector and the process 1s ended.

Specifically, the packet data can be sent to the cluster head
in the adjacent sector through the adhoc interface or the cell
interface. In an embodiment of the present invention, 1n
order to decrease interference and facilitate management of
the BS, only the adhoc interface i1s used for communication
between the cluster heads, and at this time the packet data 1s
sent to the cluster head in the adjacent sector only through
the adhoc interface.

If at least two cluster heads 1n the adjacent sector send the
virtual cluster head response, one cluster head 1n the adja-
cent sector can be first selected from the at least two cluster
heads 1n the adjacent sector according to resource informa-
tion of the cluster heads 1n the adjacent sector recorded 1n the
virtual cluster table and then the packet data 1s sent to the
selected cluster head in the adjacent sector. Specifically, one
cluster head 1n the adjacent sector can be selected from the
at least two cluster heads 1n the adjacent sector according to
the resource information of the adjacent cluster head. For
example, the selection can be made according to a combined
value of rest energy of the adjacent cluster head and a path
loss of a link between the adjacent cluster head and the
interface itsell.

As can be seen from foregoing, 1n this embodiment, when
no path to the destination MS exists 1n the routing cache
table, the cluster head can send the packet data to a cluster
head 1n the adjacent sector and the packet data 1s sent to the
destination MS through the cluster head in the adjacent
sector, so that the packet data does not need to be sent
through the BS, that 1s, the link processing 1s performed at
the MS, thus decreasing resource overhead of the BS. The
cluster head needs to maintain only information of the
cluster head 1n the adjacent sector and information of the MS
in the cluster, thus decreasing communication complexity.

FIG. 5 shows a process of a method for sending packet
data according to a fourth embodiment. In this embodiment,
a processing process of a cluster head 1s 1llustrated, which
includes the following steps.

In step 501, packet data from a source MS 1s received. The
packet data includes an identity and a TTL field of a
destination MS.

In step 502, a routing cache table 1s searched for a path to
the destination MS. If the path to the destination MS 1s
tound, the process turns to step 503; 1f the path to the
destination MS 1s not found, the process turns to 504.

In step 503, an interface 1s selected, the packet data 1s
forwarded through the selected interface according to the
found path, and the process 1s ended.

In step 504, 1t 1s determined whether a field value of the
TTL field 1s greater than O; 1f yes, the process turns to step
505; and otherwise, the process turns to step 509.

In step 3505, a virtual cluster head request 1s sent to a
cluster head in an adjacent sector.

In step 506, it 1s determined whether the virtual cluster
head response sent by the cluster head in the adjacent sector
1s recerved; 1 not, the process turns to step 507; and
otherwise, the process turns to step 508.

In step 507, 1 1s subtracted from the field value of the TTL
field, and the process turns to step 504.
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In step 508, the packet data 1s sent to the cluster head 1n
the adjacent sector and the process 1s ended.

In step 509, the packet data 1s sent to the BS and the
process 1s ended.

As can be seen from foregoing, 1in this embodiment, when
no path to the destination MS exists 1n the routing cache
table, the cluster head can send the packet data to the cluster
head i1n the adjacent sector and the cluster head i the
adjacent sector send the packet data to the destination MS,
so that the BS does not need to send the packet data, that 1s,
the link processing 1s performed at the MS, thus decreasing
resource overhead of the BS. The cluster head needs to
maintain only information of the cluster head 1n the adjacent
sector and information of the MS within the cluster, thus
decreasing communication complexity. Furthermore, the
cluster head can send a virtual cluster head request to the
cluster heads i the adjacent sector according to the TTL
field 1n the packet data, so as to expand a communication
range and increase a success rate ol communication.

In an embodiment of the present invention, in order to
enable the cluster head to send the subsequent packet data
faster, after sending the packet data, the cluster head can
turther update the maintained routing cache table according
to the sent path.

FIG. 6 shows a process of a method for sending packet
data according to a fifth embodiment. In this embodiment, a
processing process of a BS 1s 1llustrated, which includes the
following steps.

In step 601, packet data 1s received. The packet data
includes an identity of a destination MS.

In step 602, it 1s determined whether the 1dentity of the
destination MS can be found from an MS status table; 1 not,
the process turns to step 603; and otherwise, the process
turns to step 604.

In step 603, the packet data is sent to a core network and
the process 1s ended.

In step 604, 1t 1s determined whether an access status of
the destination MS 1s direct access; if yes, the process turns
to step 605; and otherwise, the process turns to step 606.

In step 603, the packet data 1s sent to the destination MS
and the process 1s ended.

In step 606, a cluster head 1s selected, the packet data 1s
sent to the selected cluster head, and the process 1s ended.

Specifically, when the access status of the destination MS
1s hybrid access, a cluster head 1s selected randomly from a
cluster head table and then the packet data 1s sent to the
randomly selected cluster head through an adhoc interface.

When the access status of the destination MS 1s coopera-
tive access, a cluster head 1s selected from the cluster head
table according to resource information of the cluster head
and then the packet data 1s sent to the selected cluster head
through a cell interface. Specifically, a cluster head can be
selected from the cluster head table according to a combined
value of a path loss of a path between the BS and the cluster
head, a path loss of a link between the cluster head and the
MS, and rest energy of the cluster head. In the first embodi-
ment of the present invention, the combined value of the
path loss of the path between the BS and the cluster head, the
path loss of the link between the cluster head and the MS,
and the rest energy of the cluster head can be calculated
according to the following expression:

: i
arg mlﬂ((PLGSSB—C+PLGSSC-M) WRESI)?CLEl

The P, . » ~1s the path loss of the link from the BS to the
cluster head, and the P,___ . ,,1s the path loss of the link from

the cluster head to the MS.
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As can be seen from foregoing, in this embodiment,
according to the access status of the MS, the BS can send the
packet data to the destination MS directly or to the cluster
head, so that the cluster head sends the packet data to the
destination MS, that 1s, partial link processing 1s performed
at the MS, thereby decreasing resource overhead of the BS.

An MS according to an embodiment of the present
invention 1s illustrated 1n the following. FIG. 7 shows a
structure of an MS according to a first embodiment, which
includes an obtaining unit 701, a determining unit 702, a
selecting unit 703, and a sending unit 704.

The obtaining unit 701 1s adapted to obtain packet data
that needs to be sent.

The determining unit 702 1s adapted to determine whether
an access status of the MS 1s direct access atiter the obtaining
unit 701 obtains the packet data.

The selecting unit 703 1s adapted to select a cluster head
from a cluster head table when the determining unit 702
determines that the access status of the MS 1s not direct
access.

The sending unit 704 1s adapted to send the packet data to
the BS when the determining unit 702 determines that the
access status of the MS 1s direct access, and send the packet
data to the cluster head selected by the selecting unit 703
when the determining unit 702 determines that the access
status of the MS 1s not direct access.

As can be seen from the foregoing, in this embodiment,
the MS can determine a mode for sending packet data
according to 1ts own access status and a cluster head table 1s
maintained 1n the MS. When the packet data 1s sent, only a
cluster head needs to be selected from the cluster head table
and the packet data 1s sent to the cluster head or sent to the
BS directly. As long as information of cluster heads exists 1n
the cluster head table, the MS does not need to send a relay
request to the BS when the packet data 1s sent, that 1s, link
processing 1s performed at the MS, so that resource overhead
of the BS 1s decreased, and at the same time the MS needs
to maintain only the information of the cluster heads, so that
communication complexity can be decreased.

In an embodiment of the present invention, the determin-
ing unit 702 of the MS can be further adapted to determine
a type ol a service corresponding to the packet data obtained
by the obtaining unit 701 when 1t 1s determined that the
access status of the MS 1s not direct access. At this time, the
selecting unit 703 of the MS can be further adapted to select
a cell cluster head from the cluster head table when the
determining unit 702 determines that the type of the service
corresponding to the packet data 1s a cell access service, and
select an adhoc cluster head from the cluster head table when
the determining unmit 702 determines that the type of the
service corresponding to the packet data 1s an adhoc access
service. In this embodiment, the MS can select an adhoc
interface or a cell interface according to the type of the
service corresponding to the packet data during selection of
the cluster head, so that the MS can flexibly select an
interface for communication.

FIG. 8 shows a structure of an MS according to a second
embodiment, which includes a receiving unit 801, an updat-
ing unit 802, a sending unit 803, an obtaiming umt 804, a
determining unit 805, a selecting unit 806, and a setting unit
807.

The recerving unit 801 1s adapted to receive a cluster head
advertisement from a cluster head. The cluster head adver-
tisement includes resource information of the cluster head
and utilization of a cell in which the cluster head 1s located.

The updating unit 802 1s adapted to update an access
status according to the cluster head advertisement received
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by the receiving unit 801 and update a cluster head table
according to resource information of the cluster head and the
utilization of the cell in which the cluster head 1s located.

The obtaining unit 804 1s adapted to obtain packet data
that needs to be sent.

The determining unit 805 1s adapted to determine whether
the access status of the MS 1s direct access after the
obtaining unit 804 obtains the packet data.

The selecting unmit 806 1s adapted to select a cluster head
from the cluster head table when the determining unit 805
determines that the access status of the MS 1s not direct
access.

The setting unit 807 1s adapted to add a TTL field 1n the
packet data and set a field value of the TTL field when the
determining unit 805 determines that the access status of the
MS 1s not direct access.

By setting the field value of the T'TL field, the cluster head
can search an adjacent cluster head according to the field
value of the TTL field.

The sending unmit 803 1s adapted to send cluster head
advertisement confirmation to the cluster head. The cluster
head advertisement confirmation includes resource informa-
tion of the MS and the access status aiter update by the
updating unit 802, so as to facilitate the cluster head to
update the virtual cluster table. When the determining unit
805 determines that the access status of the MS 1s direct
access, the packet data 1s sent to the BS. When the deter-
mining unit 805 determines that the access status of the MS
1s not direct access, the packet data 1n which the TTL field
1s added by the setting unit 807 1s sent to the cluster head
selected by the selecting unit 806.

As can be seen from the foregoing, in this embodiment,
the MS can determine a mode of sending the packet data
according to the access status of the MS 1tself and a cluster
head table 1s maintained 1n the MS. When the packet data 1s
sent, only a cluster head needs to be selected from the cluster
head table and then the packet data 1s sent to the cluster head
or sent to the BS directly. As long as imnformation of cluster
heads exists 1n the cluster head table, the MS does not need
to send a relay request to the BS when the packet data 1s sent,
that 1s, link processing 1s performed at the MS, so that
resource overhead of the BS i1s decreased, and at the same

time the MS needs to maintain only the information of the
cluster heads, so that communication complexity can be
decreased. Also, when the MS selects a cluster head, the MS
can select an adhoc interface or a cell interface according to
a type of a service corresponding to the packet data, so that
the MS can flexibly select an interface for communication.
Furthermore, the TTL field 1s added 1n the packet data, so
that the cluster head searches an adjacent cluster head
according to the field value, so as to expand a communica-
tion range and increase a success rate of the communication.

FIG. 9 shows a structure of an MS according to a third
embodiment, which includes a receiving unit 901, a search-
ing unit 902, a selecting unit 903, and a sending unit 904.

The recerving unit 901 1s adapted to receive packet data
from a source MS. The packet data includes an 1dentity of a
destination MS.

The searching unit 902 1s adapted to search a path to the
destination MS 1n a routing cache table according to the
identity of the destination MS recerved by the recerving unit
901.

The selecting unit 903 1s adapted to select an interface
when the searching unit 902 finds the path to the destination

MS.
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The sending unit 904 1s adapted to forward the packet data
through the interface selected by the selecting unit 903
according to the path to the destination MS found by the
searching unit 902.

As can be seen from the foregoing, in this embodiment,
when no path to the destination MS exists 1n the routing
cache table, the MS can send the packet data to a cluster
head 1n an adjacent sector, and the cluster head in the
adjacent sector sends the packet data to the destination MS,
so that the BS does not need to send the packet data, that 1s,
link processing 1s performed at the MS, thereby decreasing
resource overhead of the BS. In this embodiment, the MS
only needs to maintain only information of the cluster head
in the adjacent sector and information of the MS within the
cluster, so that communication complexity can be decreased.

In an embodiment of the present invention, the sending
unit 904 included 1n the MS can be further adapted to send
a virtual cluster head request to the cluster head in the
adjacent sector when the searching unit 902 fails to find the
path to the destination MS. The virtual cluster head request
includes the identity of the destination MS. As the virtual
cluster head request includes the identity of the destination
MS, the cluster head 1n the adjacent sector can search for the
destination MS to check whether the destination MS 1s a
member of a sector cluster in which the cluster head of the
adjacent sector 1s located according to the identity of the
destination MS. The receiving unit 901 included 1n the M
can be further adapted to receive a virtual cluster head
response sent by the cluster head 1n the adjacent sector. The
virtual cluster head response 1s sent after the cluster head in
the adjacent sector finds that the destination MS 1s the
member of the sector cluster. The sending unit 904 can be
turther adapted to send the packet data to the cluster head 1n
the adjacent sector that sends the wvirtual cluster head
response. Specifically, the sending unit 904 can include a
selecting unmit adapted to select one cluster head 1n an
adjacent sector from at least two cluster heads in the adjacent
sector according to resource information of the cluster heads
in the adjacent sector recorded in the virtual cluster table
when the receiving unit 901 receives virtual cluster head
responses sent by at least two cluster heads 1n the adjacent
sector. A processing unit 1s adapted to send the packet data
to the cluster head 1n the adjacent sector selected by the
selecting unit. In this embodiment, the MS can select a
cluster head 1n the adjacent sector that has the best resource
when a plurality of cluster heads in the adjacent sector 1s
selectable, so that communication quality 1s increased.

FIG. 10 shows a structure of an MS according to a fourth
embodiment, which includes a recerving unit 1001, a search-
ing unit 1002, a selecting unit 1003, a calculating unit 1005,
a calculation processing unit 1006, a determiming unit 1007,
an updating unit 1008, and a sending umt 1004.

The recerving unit 1001 1s adapted to receive packet data
including an i1dentity of a destination MS from a source MS,
receive a virtual cluster head response sent by a cluster head
in an adjacent sector after the cluster head in the adjacent
sector finds that the destination MS 1s a member of the sector
cluster, receive a cluster-head selection request including a
cell radius, cell utilization, and threshold values of the
cluster head from a BS, and receive cluster head advertise-
ment confirmation sent by the MS which includes resource
information of the MS and an access status of the MS after
update.

The searching umit 1002 1s adapted to search a path to the
destination MS 1n the routing cache table according to the
identity of the destination MS received by the recerving unit
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The selecting unit 1003 1s adapted to select an interface
when the searching unit 1002 finds the path to the destina-
tion MS.

Specifically, in an embodiment of the present invention,
the selecting unit 1003 can include a comparing unit and a
processing unit. The comparing unit 1s adapted to compare
resource information of a cell interface of the destination
MS and resource mformation of an adhoc interface of the
destination MS recorded in a wvirtual cluster table. The
processing unit 1s adapted to select the cell interface when
the comparing unit determines that the resource information
of the cell interface 1s better than the resource information of
the adhoc interface, and select the adhoc interface when the
comparing unit determines that the resource information of
the adhoc interface 1s better than the resource information of
the cell interface.

The calculating unit 1003 1s adapted to subtract 1 from a
field value of a TTL field when the packet data received by
the recerving unit 1001 further includes the TTL field and the
receiving unit 1001 does not receive the virtual cluster head
response sent by the cluster head 1n the adjacent sector, so
as to trigger the sending unit 1004 to send the virtual cluster
head request to the cluster head in the adjacent sector until
the field value of the TTL field becomes O.

The calculation processing unit 1006 1s adapted to calcu-
late a distance between the MS and the BS, and determine
whether the MS 1s located 1n a cluster head zone according
to the distance between the MS and the BS and the cell
radius received by the receiving unit 1001.

The determining unit 1007 1s adapted to determine
whether a cluster head threshold value 1s satisfied according
to the resource information of the MS when the calculation
processing unit 1006 determines that the MS 1s located 1n the
cluster head zone.

The updating unit 1008 1s adapted to update the access
status to direct access when the determining unit 1007
determines that the resource information of the MS satisfies
the cluster head threshold value, and update the wvirtual
cluster table according to the resource information of the MS
included 1n the cluster head advertisement confirmation and
the access status of the MS after update.

The sending unit 1004 1s adapted to forward the packet
data according to the path to the destination MS found by the
searching unit 1002 through the mterface selected by the
selecting unit 1003, send a wvirtual cluster head request
including the i1dentity of the destination MS to the cluster
head 1n the adjacent sector when the searching umt 1002
fails to find the path of the destination MS to facilitate the
cluster head 1n the adjacent sector to search for the desti-
nation MS to check whether the destination MS 1s a member
of a sector cluster in which the cluster head of the adjacent
sector 1s located, send the packet data to the cluster head 1n
the adjacent sector that sends the wvirtual cluster head
response, send a cluster head advertisement when the deter-
mining umt 1007 determines that the resource information
of the MS satisfies the cluster head threshold value to
facilitate the MS that receives the cluster head advertisement
to update the access status, and send a cluster-head selection
response 1ncluding the resource iformation of the cluster
head and information of the virtual cluster table to the BS to
facilitate the BS to update the MS status table.

As can be seen from the foregoing, in this embodiment,
when no path to the destination MS exists 1n the routing
cache table, the MS can send the packet data to the cluster
head 1 the adjacent sector and the cluster head in the
adjacent sector sends the packet data to the destination MS,
so that the BS does not need to send the packet data, that 1s,
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link processing 1s performed at the MS, thereby decreasing
resource overhead of the BS. In this embodiment, the MS
needs to maintain only information of the cluster head of the
adjacent sector and the information of the MS within the
cluster, so that communication complexity can be decreased.

FIG. 11 shows a structure of a BS according to a first
embodiment, which includes a recerving unit 1101, a search-
ing unit 1102, a determining umt 1103, a selecting unit 1104,
and a sending unit 1103.

The receiving unit 1101 1s adapted to receive packet data.
The packet data includes an 1dentity of the destination MS.

The searching unit 1102 1s adapted to search the identity
of the destination MS from an MS status table according to
the packet data received by the receiving umt 1101.

The determining unit 1103 1s adapted to determine
whether an access status of the destination MS 1s direct
access when the searching unit 1102 finds the 1dentity of the
destination MS.

The selecting unit 1104 1s adapted to select a cluster head
when the determiming unit 1103 determines that the access
status of the destination MS 1s not direct access.

The sending unit 1105 1s adapted to send the packet data
to a core network when the searching umit 1102 does not find
the 1dentity of the destination MS, send the packet data to the
destination MS when the determining unit 1103 determines
that the access status of the destination MS 1s direct access,
and send the packet data to the cluster head selected by the
selecting unit 1104 when the access status of the destination
MS 1s not direct access.

As can be seen from the foregoing, in this embodiment,
the BS can send the packet data to the destination MS or the
cluster head directly according to the access status of the
MS, so as to send the packet data to the destination M
through the cluster head, that 1s, partial link processing 1s
performed at the MS, so that resource overhead of the BS 1s
decreased.

FIG. 12 shows a structure of a BS according to a second
embodiment, which includes a recerving unit 1201, a search-
ing unit 1202, a determining unit 1203, a selecting unit 1204,
a sending unit 1205, and an updating umt 1206.

The recerving unit 1201 1s adapted to receive packet data
including an identity of a destination MS and receive a
cluster-head selection response for a cluster-head selection
request from a cluster head. The cluster-head selection
response includes resource information of the cluster head
and mformation of a virtual cluster table.

The searching unit 1202 1s adapted to search the i1dentity
of the destination MS from an MS status table according to
the identity of the destination MS included 1n the packet data
received by the receiving umt 1201.

The determining unit 1203 i1s adapted to determine
whether an access status of the destination MS 1s direct
access when the searching unit 1202 finds the identity of the
destination MS.

The selecting unit 1204 1s adapted to select a cluster head
when the determining unit 1203 determines that the access
status of the destination MS 1s not direct access.

The sending unit 1205 1s adapted to send the packet data
to a core network when the searching unit 1202 does not find
the 1dentity of the destination MS, send the packet data to the
destination MS when the determining unit 1203 determines
that the access status of the destination MS 1s direct access,
send the packet data to the cluster head selected by the
selecting unit 1204 when the access status of the destination
MS 1s not direct access, and broadcast a cluster-head selec-
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tion request. The cluster-head selection request includes a
cell radius, cell utilization, and threshold wvalues of the
cluster head.

Through the cell radius, the cell utilization, and the
threshold values of the cluster head included 1n the cluster-
head selection request, the MS that receives the cluster-head
selection request can confirm whether the MS 1s the cluster
head.

The updating unit 1206 1s adapted to update the MS status
table according to the cluster-head selection response
received by the receiving umt 1201.

As can be seen from the foregoing, in this embodiment,
according to the access status of the MS, the BS can send the
packet data to the destination MS directly or to the cluster
head so that the cluster head sends the packet data to the
destination MS, that 1s, partial link processing 1s performed
at the MS, so that resource overhead of the BS 1s decreased,
and at the same time the MS status table can be updated
according to the cluster-head selection response, so that the
records in the MS status table are kept correct, thereby
increasing communication reliability.

Persons of ordinary skill in the art should understand that
all or a part of the steps of the method according to the
embodiments may be implemented by a computer program
instructing relevant hardware. The program may be stored 1n
a computer readable storage medium. When the program 1s
run, the steps of the method according to the embodiments
are performed. The storage medium may be a magnetic disk,
an optical disk, a read-only memory (ROM) or a random
access memory (RAM).

The method for sending packet data, the BS, and the MS
according to the embodiments of the present invention are
illustrated 1n detail 1n the foregoing. The description about
the embodiments 1s merely provided for ease of understand-
ing of the method and 1deas of the present invention. Persons
of ordinary skill 1n the art can make changes to the present
invention in terms of the specific implementations and
application scopes according to the ideas of the present
invention. Therefore, the specification shall not be construed
as a limit to the present invention.

What 1s claimed 1s:

1. A method for sending packet data, comprising:

receiving, by a base station (BS), packet data from a

mobile station (MS), wherein the packet data comprises
an 1dentity of a destination MS;

searching, by the BS, the identity of the destination MS 1n

an MS status table storing respectively information of
MSs, access statuses of the MSs to the BS, and infor-
mation of other MS determined to be a cluster head for
an MS;

when the identity of the destination MS 1s not found 1n the

MS status table, sending, by the BS, the packet data to
a core network:; and
when the 1dentity of the destination MS 1s found 1n the MS
status table, determining, by the BS, an access status of
the destination MS to the BS in the MS status table, and
in response to the determining,
when the access status of the destination MS to the BS
1s a direct access status, sending, by the BS, the
packet data to the destination MS,
when the access status of the destination MS to the BS
1s a not direct access status, selecting, by the BS, a
cluster head for the destination MS from the MS
status table and sending the packet data to the cluster
head, and
when the not direct access status of the destination MS
to the BS 1s cooperative access,
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the selecting, by the BS, the cluster head comprises
selecting, by the BS, the cluster head from a
cluster head table according to a combined value
of a path loss of a path between the BS and the

cluster head, a path loss of a link between the

cluster head and a MS, and rest energy of the

cluster head.

2. A method for sending packet data, comprising:

receiving, by a base station (BS), packet data from a
mobile station (MS), wherein the packet data comprises
an 1dentity of a destination MS;

searching, by the BS, the identity of the destination MS 1n

an MS status table storing respectively information of
MSs, access statuses of the MSs to the BS, and infor-

mation of other MS determined to be a cluster head for
an MS;

when the 1dentity of the destination MS is not found 1n the
MS status table, sending, by the BS, the packet data to
a core network;
when the 1dentity of the destination MS i1s found 1n the MS
status table, determining, by the BS, an access status of
the destination MS to the BS 1n the MS status table, and
in response to the determining,
when the access status of the destination MS to the BS
1s a direct access status, sending, by the BS, the
packet data to the destination MS, and
when the access status of the destination MS to the BS
1s a not direct access status, selecting, by the BS, a
cluster head for the destination MS from the MS
status table and sending the packet data to first
cluster head:
broadcasting, by the BS, a cluster-head selection request
within a coverage of a local cell;
receiving, by the BS, a cluster-head selection response
from a cluster head; and
updating, by the BS, the MS status table according to the
cluster-head selection response,
wherein the cluster-head selection request carries follow-
ing parameters: location information of the BS, a cell
radius of the local cell, a cell utilization of the local cell,
and a cluster-head threshold value.
3. A base station (BS), comprising:
a memory;
a transmitter;
a receiver; and
a Processor,
wherein
the receiver 1s configured to receive packet data from a
mobile station (MS), wherein the packet data com-
prises an identity of a destination MS;
the processor 1s configured to,
search the i1dentity of the destination MS 1n an MS
status table stored in the memory, the MS status
table to store respectively information of MSs,
access statuses of the MSs to the BS, and infor-
mation of other MS determined to be a cluster
head for an MS;:
when the 1dentity of the destination MS 1s not found
in the MS status table, the transmitter 1s config-
ured to send the packet data to a core network;
when the identity of the destination MS 1s found 1n
the MS status table, perform a determination of an
access status of the destination MS to the BS 1n the
MS status table; and
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in response to the determination,
when the access status of the destination MS to the
BS 1s a direct access status, send, through the
transmitter, the packet data to the destination
MS,
when the access status of the destination MS to the

BS 1s a not direct access status, select a cluster
head for the destination MS from the MS status
table and send, through the transmitter, the
packet data to the cluster head, and
when the not direct access status of the destination
MS to the BS 1s a cooperative access status,
select the cluster head from a cluster head table
according to a combined value of a path loss of
a path between the BS and the cluster head, a
path loss of a link between the cluster head and
a MS, and rest energy of the cluster head, and
send, through the transmitter, the packet data to
the cluster head through a cell interface.
4. A base station (BS), comprising:
a memory,
a transmitter,
a receiver, and
a Processor,
wherein
the recerver 1s configured to receive packet data from a
mobile station (MS), wherein the packet data com-
prises an 1dentity of a destination MS;
the processor 1s configured to,
search the i1dentity of the destination MS 1n an MS
status table stored in the memory, the MS status
table to store respectively mnformation of MSs,
access statuses of the MSs to the BS, and infor-
mation ol other MS determined to be a cluster
head for an MS;:
when the 1dentity of the destination MS 1s not found
in the MS status table, send, through the transmit-
ter, the packet data to a core network;
when the 1dentity of the destination MS 1s found 1n
the MS status table, perform a determination of an
access status of the destination MS to the BS 1n the
MS status table; and
in response to the determination,
when the access status of the destination MS to the
BS 1s a direct access status, send, through the
transmitter, the packet data to the destination
MS, and
when the access status of the destination MS to the
BS 1s a not direct access status, select a cluster
head for the destination MS from the MS status
table and send, through the transmitter, the
packet data to the cluster head;
the receiver 1s further configured to receive a cluster-
head selection response from a cluster head; and
the processor 1s further configured to update the MS
status table according to the cluster-head selection
response,
wherein the cluster-head selection request carries fol-
lowing parameters: location information of the BS, a
cell radius of the local cell, a cell utilization of the
local cell, and a cluster-head threshold value.
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